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1.0 INTRODUCTION

On 28 September 1981, the Digisonde onboard AFGL's
* KC 13% airborne ionospheric observatory measured the radiation
pattern of the HF heater antenna located some 20 km north of
the Arecibo Observatory in Puerto Rico. At an altitude of
8840 m (29,000 ft.) the aircraft flew seven tracks over the
antenna array. The heater transmitter was generating 2 kW
at 5.1 MHz.




2.0 THEORETICAL PATTERN OF THE HEATER ANTENNA

The theoretical pattern of the antenna array was
calculated for a height of 29,600 ft. by W. E. Gordon and his

colleagues at Rice University.

The radiation pattern is de-

scribed by Pattern = (Array Factor) * (Element Factor) *

(Dipole Factor). The heater antenna contains four elements

spaced at 85 m in the north-south direction giving an array

factor of

sin mx _ sin [4(85 w/)X) sin@]

(1

sin X sin L(B8b m/Xx) sind]

where

e
A

2}

58.8 m at 5.1 MHz.

zenith angle above antenna

Dr. Gordon suggested an element factor, derived from scale

model pattern measurements, of

y
cos = 0.

The dipole factor accounts for
at the side lobes and is given
(cos 68); 6 defined above.

In two dimensions (6 = zenith,

- ¢Sin mx, 4
A(B, a) = (_§Iﬁ_?) (cos » 8)

(E%%EE%) « (cos ; a)

the form
(2)

an additional 3 dB attenuation
by

(3)
a = azimuth) we have
+ (cos 8)
e (cos a) (u)

A map of the amplitude lobes for 5.1 MHz is given in Figure 1

ana consists of ore main lobe,

grating lobes. (Note these val

for the increased range in the

side lobes and one pair of
ues have not been corrected
side lobes.) To verify the

pattern it was decided to fly two north/south, two east/west

and two diagonal tracks. The actual flight tracks, as deter-
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Figure 1. Arecibo Heater Beam (5.1 MHz, 29,000 ft. observation 4
altitude). Main lobe at (0, 0) over transmitting antenna, \
1 mi NS x 1/2 mi EW 3 dB width. Numbers at lobes indicate :
relative amplitude. B is location of minor side lobes, each
of which has rel. amp. of E4 or less. X represents even
lower power side lobes.
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mined from the aircraft's internal navigation system (Figures
2a-2b) deviate a little from the planned trajections. A sev-
enth track, from north to south was added to confirm some of

the earlier measurements.
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3.0 FIELD STRENGTH MEASUREMENTS

The Digisonde was programacd to operate on fixed
frequency (5.1 MHz) making one measurement every one-half sec-
ond during the first track, then every 7/8 second. The re-
ceived signal was measured with 1.5 dB resolution, recording
five binary bits (Bibl and Reinisch, 1978)., The data were
printed on-line and also recorded on digital magnetic tape.
Before these numbers can be used they must be scaled accord-
ing to calibration measurements performed on the Digisonde.
The cross-reference table from these measurements is given in
Table 1. In addition the three main amplitude peaks of flight
track 1 had to be corrected for saturation. Figures 3 to 9
show the corrected signal amplitudes measured during the seven
aircraft passes. This information is also given in Tables
2a-g. To back up the Digisonde measurements, a Collins R390
receiver was also connected to the antenna and chart record-
ings of the signal variations were made lcoking much like the

plots in Figures 3 to 9.

It must be understood that the recorded amplitudes
are proportional to the signal level at the receiver input
but not necessarily to the absolute field strength at the air-
craft location. The local field strength values are essen-
tially multiplied by the antenna gain of the aircraft 3-wire
antenna system. It is known from scale model measurements
that the aircraft radiation pattern at 5 MHz is very aniso-
tropic as shown in Figure 10. It is not certain, however,
how accurately these scale measurements represent the true

aircraft radiation pattern.




Recorded Actual Recorded Actual
0 y 27 2y
1 ) 28 25
2 ) 29 26 '
3 5 30 27
y 7 31 28
5 8 32 28
6 9 33 29
7 9 34 30
8 10 35 31
9 11 36 32
10 12 37 32
11 13 38 33
12 14 39 34
13 14 40 35
14 15 41 36
15 16 42 38
16 16 43 39
17 17 Ly 40 !
18 18 45 41 :
19 18 L6 43
20 19 L7 L5
21 20 48 L6
22 21 49 L7
23 2 50 49
24 22 51 50
25 23 LYy 51
286 23

Table 1., <(ross reference table of recorded level to
actual dB level for Ligisonde.
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Figure 3. Amplitude vs Universal Time for flight track 1
over heater antenna, includes a theoretical curve for

flight track 1. To convert time to aircraft position
see Table 2a.
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Figure 5. Amplitude vs Universal Time for flight track 3 ‘
over heater antenna. To convert time to aircraft \
position see Table 2c. :
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Lg LA A TINE LG LA A TIKE 0 LA A
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381 98 4 14117:30 382 S8 4 14:17:31 382 93 4
382 101 & 14017133 3682 101 4 14:17.34 382 102 4
384 104 4 14:17.36 385 105 4 14717:37 385 106 4
386 107 4 14717:38 386 108 4 14:17:40 387 108 4
387 109 4 14:17242 387 110 4 14:17:43 288 110 4
388 112 4 14:17.4T 389 112 4 147i7:45 3689 113 4
383 114 4 14:17:48 299 114 & 14217249 380 115 4
390 117 5 1421751 390 119 4 142:7:52 380 120 5
381 122 ? 14217:54 391 124 5 14:17.55 380 123 7
391 126 7 1411737 392 127 7 14:17:5%8 392 128 7
392 129 7 14J167 0 393 130 8 1418 1 392 131 7
393 133 7 143187 3 393 134 S 14:18. 4 394 135 9
394 136 10 14:1B. 5 294 136 1v 14718 7 334 138 10
394 140 12 14:18: 9 354 140 10 14:1821¢C 394 (41 12
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J95 145 14 1418115 385 145 14 14:1811C 396 147 14
395 149 14 14118118 3956 150 14  14:180,9 396 151 14
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295 156 15 14.18:24 395 156 16  14:18:2% 39 157 16
3396 (S8 16 i4718:27 395 1539 16 14:18.28 39€ 150 16
396 162 i6 14718:3n 395 163 18 14:18:31 396 (64 16
396 (6 18 1471835 396 1€V 18  14.{B8.34 385 167 18
396 169 i8 1418136 398 169 18 14:18:37 396 169 1€
387 (70 18 14:18:39 397 171 18 14718:40 397 171 18
3397 174 19 14.15:42 396 (75 18  14.1i8:43 396 177 18
395 180 19 14.1B8:45 395 180 19 1471845 306 181 ¢
395 183 18 14718248 396 1S3 9 1418749 396 184 21
395 186 2% 14:18:51 395 188 Oy 18218152 396 187 21
396 189 2! 14:18:54 357 188 21 14118255 397 180 21
387 132 21 14:18.57 337 82 2t 14116153 397 1893 21
ORI - B | 14719: 0 398 <. i 142190 1 398 188 21
303 200 18 142197 3 398 200 19 141130 4 398 201 ¢
356 703 18 {4:197 6 358 203 18 14218; 7 398 204 16
298 208 16 141197 9 388 207 16 t4:19710 298 208 8
398 203 18 14219217 3896 210 13 (18713 337 211 2
348 212 73 13119715 398 713 25 14:19.16 397 214 25
397 215 27 14219718 397 2186 7 1418018 397 217 30
537 218 32 1411912y 397 219 32 1411822 387 220 33
398 221 35 14:19:24 296 222 35 14:18:03 397 222 35
398 224 33 14119127 398 774 38 14:18:28 398 275 40
397 226 40 1471930 337 Z76 40  14.18:3% 358 228 30
388 231 43 14:19:33 588 232 43 14:{9:3¢ 398 234 43
397 237 48 14:19:36 397 737 &8 1429237 398 238 49
298 240 29 1421939 398 241 49 i4719.40 393 242 46
398 244 48 14:19:42 378 244 45 14119243 399 245 45
389 246 4) 1419243 339 247 43 14:18.48 400 247 43
400 242 &0 1421948 389 243 40 142123745 4,89 250 58
399 251 32 14.°9°S1 344 Sl U5 1A, 32 P8 232 19
393 234 33  14.19:T« 3™ 26534 5 1418158 %9 256 38
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14:21:12 398 336 35 14121112 398 337 35 14:21:13 398 339 35 14:21:14 397 340 33

14221215 397 341 33 14121715 397 342 33 14:21:16 397 344 32  14:21:17 397 345 32

14:21:18 397 346 30  14:21018 397 346 30 14:21:19 397 347 28  14:21:20 398 348 28 ]
14121121 398 349 27 14:21:21 398 349 27 1412122 387 350 25 14:21:23 398 351 23
14:21:24 398 352 23  14:21:24 389 353 22 14:21:25 399 353 21  14:21:26 399 354 19
14121127 399 355 18 14121127 400 356 16 14:21:28 400 357 15  14:21:29 400 358 14
14:21:30 399 359 12 14:21:30 399 360 9 14:21:31 399 361 S 14:21:32 398 362 4
14:21:33 397 362 4 14:21:33 397 362 4 14:21:34 399 364 & 1412135 395 364 4
14:21:36 398 365 7 14:21:36 398 366 7 14:21:37 398 367 9  14:71:38 398 367 10
14:21:39 397 367 10 14121139 397 367 12 14:21:40 398 369 12  14:21:41 398 370 14
14:21:42 398 371 14  14:21:42 398 371 14 1421743 398 372 14  14:21:44 398 373 14
14:21:45 397 374 1S5 14:21:45 397 374 15  14:21:46 398 375 15  14:21:47 388 376 15
14321548 398 377 15 14:21:48 398 378 15 14:21:48 398 379 15  14:21:50 397 380 15
14:21:51 398 381 15 14:21:51 398 382 15 14:21:52 398 383 15 14:21:53 398 363 15
14:21:54 398 384 15 14:21:54 398 385 15  14:21:55 398 386 15 14:21:56 397 387 15
14:21:57 398 387 15  14:21:57 399 3688 15 14:21:S8 399 388 15 14:21:59 399 388 15
14122 0 399 389 15 14:22: 0 400 390 15  14:22: 1 400 390 15 14122 2 400 391 14
184:22; 3 389 393 1S 14122 3 399 394 14 14:22: 4 399 395 14  14:22; 5 399 397 14 -
14:22: 6 398 398 14 14:22: 6 398 400 14 14:22. 7 397 400 14 14:22: 8 398 407 14 1
14:22: 9 398 402 14 14:22: 9 398 403 14 14:22:10 398 404 14 14:22:11 398 405 14 '
14:22:12 398 405 14  14:22:12 398 406 14  14:22:13 397 407 14 14122114 398 408 14
14:22:15 398 409 14 14:22:15 398 410 12  14.22:16 396 411 12  14:22:17 398 412 12
14:22:18 397 412 12 14:22:18 397 412 12 14:22:19 396 414 12 14122120 398 415 12
14:22:21 380 416 12  14:22:21 388 417 12 14:22:22 398 418 12  14:22:23 398 419 12 : i
14:22:24 387 420 12  14:22:24 387 420 10

Table 2a. Amplitude in dB vs aircraft coordinates and b
Universal Time for flight track 1 over the heater antenna.
L0 = longitude in 0.1 minutes at 66° e.g. 397 is 66°39.7"

LA = latitude in 0.1 minutes at 18° e.g. 213 is 18°21.3"

A = scaled amplitude in dB.
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TIME t0 LA A TIME
14:26:58 424 420 4 1428159
14:27:. 1 422 417 4 14:27. 2
142270 4 420 415 4 14:27. S
14:27: 7 419 410 4 14:27. 8
14.27:10 418 407 4 14:27:11
14:27.13 417 403 4 14:27:14
14.27:16 417 400 4 14:27:17
14.27:19 4i6 397 4 14:27:20
14:27:22 416 335 4 14:27:23
14:27:25 416 392 4 14:27.26
14:27:78 415 388 4 14:27:2¢
134:27:31 414 335 4 14:27.22
14:27:34 414 382 4 14:27:3%
14:27:37 412 380 4 14:27:38
18:27.40 4iZ 27 4 14:27:41
14:.°7:45 411 375 4 14:27.46
14:27:48 410 370 4  14:27:49
14:27.51 403 367 4 14:27:52
14:27:34 407 365 4 14.27:55
14.77:57 477 361 4 14:27:58
14:28: 0 407 357 & 14:23. 1
14.28: 3 405 354 4 14:28. 4
14:28: 6 404 351 4 14:29: 7
14:287 9 404 348 S 16:28:10
14:28:12 404 345 12 14:253:13
14:28:15 403 342 16 14:28:186
14:26:.18 403 340 19 14:28:19
14:28.21 402 337 22 14:2322
13:28.:24 401 354 £ 14:28.25
14:28:27 40C 332 25 14:28:.28
14:28:30 399 329 25 14:28:31
i8:2€:33 307 775 L3 14:28:34
1422632 397 3.3 19 14:28:37
13720235 497 320 10 14.28.40
JA42H147 ik 319 <4 14:20:4°
.4.28:45 335 317 7 141.8:45
14:7..48 395 31: 4 14.26:49
14:28:51 393 306 & 14:28:.52
412654 392 303 4 ;4.28.55
14:26:57 391 300 = 14:28:58
14:29: 0 350 298 4 1842290 i
12:29, 3 350 236 4 14:.29. 4
14:25. 6 368 285 4 14200 7
13729, 1 383 290 4 14:29:19
16:29°12 336 Z87 4 14:25:15
14:29:15 367 283 4 14:29:1€
14:79:13 337 281 4 14:29:19
14:29°71 GUF 278 4 4.8
14229124 282 75 7 14729725
14°25.27 3868 272 & 14287 R
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14:27: 3 421
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14:27: 9 417
14:27:12 418
14:27:15 417
14:27:18 417
14:27:71 415
14:27:24 416
14127127 418
14:27:30 415
14:27:33 414
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14320147 395
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:14:29: 5 388
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14129111 388
14:25:14 388
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16029726 80
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TIME LO LA TIME LD LA A TIME LD LA

>

TINME L0 LA

>

14:29:30 385 269
14:29:33 384 268
14.29.36 383 265
14:29:39 382 260
14.29:42 381 256

14129145 380 253
14:29:48 380 249
14:29:51 380 246
14:29:54 380 243
14:29157 379 241
14:30: 0 378 238
14:30. 3 377 236
14:30: 8 377 233
147300 9 377 230

14:30:12 376 227
14:30115 375 224
14:30:18 374 221
14:30:21 373 218
14:30:24 371 215
14:30:27 371 211
14:30:30 371 207
14:30:33 371 204
14:130:36 370 201
14230:39 370 198
14:30:42 369 196
14:30:45 368 193
14:30:48 367 190
14:30:51 367 186

14:29:31 385 269
14:29:34 383 267
14:29:37 383 264
14:29:40 382 259
14:29:43 381 255

14:29:46 380 232
14:29:49 380 248
14:29:52 380 245
14.29.55 379 242
14.29.58 379 240
14:30: 1 378 237
14:30: 4 377 235
14:30: 7 377 232
14:30:10 377 229

14:30:13 375 227
14:30:16 375 223
14:30:19 374 220
14:30:22 373 217
14:30:25 370 213
14:30:28 371 210
14:30:31 370 206
14:30:34 370 203
14:30:37 370 200
14:30:40 369 197
14:30:43 369 195
14:30:46 368 192
14:30:49 369 189
14:30:52 367 185

14:29:32 384 268
14:29:35 382 267
14:29:38 382 262
14:29:41 382 257
14:29:44 381 255
14:29:47 380 25t
14:29:50 380 248
14:29:53 380 244
14:29:56 379 242
14:29:59 378 240
14:30: 2 377 237
14:30: 5 377 234
14:130: 8 377 231
14:30:11 376 229

14130:14 375 226
14:30:17 375 222
14:30:20 374 2.8
14:30:23 372 216
14:30:26 371 213
14:30:29 371 209
14:30:32 371 205
14:30:35 370 202
14:30:38 370 199
14:30:41 389 197
14:30:44 369 194
14:30:47 368 191
14:30:50 368 188
14:30:53 367 183

14:29:33 384 268
14:29:36 383 266
14:29:39 382 261
14:29:42 382 257
14:29:45 381 254
14:29:48 380 250
14:29:51 380 247
14:29:54 380 244
14:29:57 379 241
14:30: 0 378 238
14:30: 3 377 236
14:30: 6 377 233
141307 9 377 230
14:30:12 376 228

14:30:15 375 225
14:30:18 374 222
14:30:21 374 218
14:30:24 372 215
1413027 371 212
14:30:30 371 208
14:30:33 371 204
14:30:36 370 201
14:30:39 370 199
14:30:42 369 198
14:30:45 369 193
14:30:48 367 190
14:30:51 3687 187

b Aab L r2Leh L LE DAL LEDALELE ELE LS >
b s 2oL DR P2 EErELDE AL
oD DLLE LD LELLD AL LD ELLEDLLEDDE2LE LD

S posLrDdODOLDLDPLPLE DEALE DDA EDLDDLEDLD DEDDE2E DD

Table 2b. Amplitude in dB vs aircraft coordinates and '
Universal Time for flight track 2 over the heater antenna.
LO = longitucde in 0.1 minutes at 66° e.g. 397 is €6°39.7"
LA = latitude in 0.1 minutes at 18° e.g. 213 is 18°21.3"
A = scaled amplitude in dB.
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L MNaesecesmasannen S

TIME L0 LA A TIME L0 LA A TIME LD LA A TIME L0 LA A
14138149 272 295 &  14:38:56 273 295 4  14:38:50 273 295 4  14:3B:51 274 295 &
14:36:52 275 294 &4 14138153 275 29¢ 4  14:38:53 276 294 4  14:38:54 276 294 4
14:38:55 277 293 4  14:38:56 278 294 4  14:38.56 278 254 4 1413857 279 294 4
14:38:58 280 293 4 14:38:59 280 53 4  14:38:59 281 283 4 141351 0 281 293 4
141397 1 282 297 4  14:39: 2 283 793 4 14:39: 2 284 293 4  14:39. 3 285 293 4
14:39: 4 285 292 4  14:38: 5 286 292 4 14:39: 5 287 282 4  14.35. & 287 292 4
14:38: 7 289 292 4 14:390 B 289 291 4 14:390 B 290 291 4  14:39: 9 291 290 4
14:39:10 292 290 4  14:391i! 292 290 4  164:35111 293 289 4  14:39:17 293 288
14:39.13 285 269 4 14:39:14 296 289 4 14:39:14 296 2S9 4  14:39:15 257 269 4
14:39:16 298 289 4 14:39:17 298 288 4 14:39:17 298 288 4  14:39:18 300 283 4
14179:18 301 289 4 164:39:70 302 289 4 14:39:20 302 288 4  14:39:21 303 288 4
14:39:22 304 288 4 14:39:23 305 287 4  14:39:23 305 287 4 14139124 306 288 S
14:39:25 307 288 7  14:39:26 308 288 7 14:38:26 308 288 9  14:39:27 309 288 S
14:39:28 310 288 10  14:38:2% 311 287 12 14:39:23 311 287 14  14:39:30 311 288 14
14138531 5,7 29% 14 14:38:32 312 288 1 14:39:32 313 288 15  14:39:33 313 288 !

14:39:74 313 287 16 14139:35 3'S 798 16  14:39:35 317 288 16 14:39:36 318 288 16
14:33:37 319 268 16  14.39:38 321 298 16  14:39:38 222 288 16  14:39:38 324 288 16
14:39:80 325 287 16 14:39:41 326 288 15  3:4.39°8% 327 208 15 14.38:42 328 88 14
14:39:43 376 288 12 14:39:44 330 286 12  14.39:44 331 288 10  14:39:35 332 287 12
14:39146 273 288 15 14:39:47 733 238 16 14.39:47 334 288 13 14:35:48 335 288 21

1413949 336 288 22 14:3915C 336 288 23  14:38:50 337 288 25 14138151 337 287 27
; 14:38:52 338 288 <7  14139:53 339 Z8P Z8  14:38:52 338 288 28  14:38:54 340 288 30
i 14739055 340 288 30  14:39:56 341 288 3C  14:39:56 341 288 32  .4:39I57 342 287 32
{ 14139158 345 788 32 14174159 344 (83 2 14.3C:39 345 288 22 141400 O 346 298 32

; 147407 1 347 288 30  i4.40. 2 347 187 30 14:40. 2 347 287 B 140470 2 C49 288 28
! 147407 4 3506 288 27 14I4C! 5 251 238 25 14140 5 35! ?8B 22 14:4C: B 352 238 19
8 355 B8 18

: 143407 7 353 2688 15 14040 B 354 287 9 14.40. & 334 287 12 14:%0:

: 14740010 356 288 18  14:40:11 37 788 18  .4740711 338 788 1R 14140112 359 288 16
16164.13 360 787 1S 14140014 361 788 14 1i4:40014 361 2B& 14 1440715 362 Z88 (6
14740716 383 2688 18 14140117 364 288 21 1424017 364 289 21 14:40:18 365 288 21
14140019 3€% 787 2 14740120 38 288 19 14.4CI20 366 288 14  14.40:21 367 288 4
1404072 287 788 4 141400123 367 €Y 12 14:40:73 367 282 15  14:40:24 368 288 15
1480005 3€7 2387 1S 14140126 375 288 10 14:40'76 371 288 4  14:40127 373 288 7
(3240778 375 23¢ 14 14740.77 T, 788 1S 14140179 57 288 | 14:4023C 380 287 15
14746731 70 288 12 14140132 78 JEE 5 14140.32 381 288 4 13140133 387 288 S
14240034 3p,. 288 7 147401535 3%73 7288 7 1440135 383 288 A4 14[40:36 234 297 )
14740157 385 288 14 14:40132 306 /8B 16 14740.38 347 297 18 1474(I39 388 287 1S
14740740 335 287 18 4740141 730 287 14 14140:41 390 237 14  14:40:42 3S1 87 1§
14140.43 297 267 2 14:40244 %3 2807 27 14I14014¢ 293 288 2 14:40:45 384 288 30
14740.48 395 782 30 14:30147 395 747 28 14140147 3495 2687 27  14:40:48 597 298 23
1440049 398 208 19 14:40.5C 229 2828 15 14140:50 399 287 1 14:40.51 400 287 18
14140.52 401 287 16 14140183 4¢? -37 14 14140153 402 287 15 14[40:54 403 2ZB7 15
14:40°53 404 287 2! 14740:56 4C% 287 22 14140.55 406 2BB 21 13240757 407 b8 18
14:40.56 407 287 17 f47a0759 407 709 4 14740.59 409 288 (4 1474:. O 410 2788 16
132410 1 411 297 i3 145810 2 417 267 15 (41410 2 412 287 12 14:411 5 413 287 S

; {4417 4 413 287 16 167410 T 413 787 19 14141 5 416 287 19 141411 £ 417 787 19 :

‘ 13200, 7 218 268 18 14741 B A.C 788 5 147441 B8 420 288 9 14:41; 9 420 87 &

14741210 41 288 S 14841711 422 2098 14 (4781!: 427 283 1S 14:41.i7 422 287 1S

147410172 423 287 14 147471714 127 ¢7° 10 1841714 424 287 2 1441015 424 287 16

14410106 A25 2857 19 11748017 400 26T CAISLIT AZL 287 22 14741018 4729 28T 22

tole so. Anpic bl “n a8 vs aivoraft coordinares and

ﬁ Uriverycal Time T DT ipnt crack Y over 1he heater antenna.
LO = lornedtude on 00 minutes at ou® e.g. 397 s €603y, M
SAom lavitude tno 0 rinutes at L9 e.g. 213 is 16°21.,3"
A - rcated amplitaede in AR,
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e ey -

TIME

14:41:19
14:41:22
14:41:25
14:41:28
14:41:31
14:41:34
14:41:37
14:41:40
14:41:43
14:41:46
14:41:49
14:41:52
14:41:55
14:41:58
14:42: 1
14:42: 4
14428 7
14:42:10
14:42:13
14:42:16
14:42:19
14:42:22
14:42:25
14:42:28
14:42:31
14:42:34
14:42:37
14:42:40
14:42:43

L0

430
435
440
442
445
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460
464
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a7
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Table 2c.

TIME

14.41:20
14:41:23
14.41:.26
14341129
14:41:32
14:41:35
14.41.38
14:41241

1424144
14:41:47

14:41:50
14:41:53
14:41:56
14:41:59
14:42: 2
14:42: S
14:42: 8
14:42:11
14:42:14
14:42:17
14:42:20
14:42:23
14:42:28
14:42:29
14:42:32
14:42:35
14:42:38
14:42:41
14:42:44

Lo

432
436
440
443
45
449
453
455
458
461
465
468
472
A7S
478
480
4gs
480
494
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500
505
507
510
514
517
520
522
525
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287
287
287
287
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TIME

14:41:20
14:41:23
14:41:26
14:41:29
14:41:32
14:41:35
14:41:38
14:41:41
14:41:44
14:41:47
14:41:50
14:41:53
14:41:56
14:41:59
14:42: 2
14:42: S
14:42: 8
14:42:11
14:42:14
14:42:17
14:42:20
14:42:23
14:42:26
14:42:29
14:42:32
14:42:35
14:42:38
14:42:41
14:42:44

L0

433
437
440
a4
45
450
453
456
459
462
466
469
473
476
478
480
486
490
494
497
502
505
508
511
515
518
520
523
525
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287
287
287
287
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287
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286
287
287
287
286
286
286
286
286
286
286
286
286
286
286
286
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bbb LD ELLELLPPEPALEUYSAY

TIME

14:41:21
14:41:24
14:41:27
14:41:30
14:41:33
14:41:36
14:41:39
14:41:42
14:41:45
14:41:48
14:41:51
14:41:54
14:41:57
14:42: 0
14:42: 3
14:42: &
14:42: 9
14:42:12
14:42:15
14:42:18
14:42:21
14:42:24
14:42:27
14:42:30
14:42:33
14:42:36
14:42:39
14:42:42
14:42:45

Lo

434
439
442
445
447
451
454
456
460
463
467
470
473
477
479
482
488
492
485
498
503
506
508
512
515
518
520
523
525

Amplitude in dB vs aircraft coordinates and

LA
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287
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287
287
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286
287
287
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286
286
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2886
286
286
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286
286
286
286

Universal Time for flight track 3 over the heater antenna.
= longitude in 0.1 minutes at 66° e.g.
latitude in 0.1 minutes at 18° e.g.
A = scaled amplitude in ZB.
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397 is 66°39.7"
212 is 18°21.3"
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14:45:56
14:49:59
14:50: 2
14:50: 5
14:50: 8
14:50:11
14:50:14
14:50:17
14:50:20
14:56:23
14:50:26
14150229
14:50:32
14:50:35
14:50:38
14:50:41
14:50:44
14:50:47
14:30:50
14:50:53
14:50:56
14:50:59
14:51: 2
14351 S
18:51: 8B
1451211
14:51114
14:5:1:17
14:51:20
14351223
1451228
14:51:29
184:51:3%
14°51:35
14:51:38
1435141
14:51:44
14:51:47
14:51:50
14:5,:53
‘4:51156
13:51:59
14°321 2
14.32° 5
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14:5Z:11
14:52:14
14:.52:17
14:52:20
14:52:22
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s02
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49;
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810
407
4na
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3680
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Tve
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LA A TiME L0 LA
293 4 14:49:57 547 294
293 4 14:50. 0 544 293
293 4  14:50: 3 541 253
283 4 14:50: 6 538 283
293 4 14:501 9 535 293
292 4 14150112 S31 292
292 4  14:5C:15 528 282
232 S 14:50:18 522 282
292 5§ 14:50:21 S$20 292
292 7 14:50:24 517 2892
282 7 14:50:27 315 292
292 7 14750730 S12 282
292 35 14150:33 506 282
82 5 14:50.36 501 292
291 4 14:50:39 498 291
291 4 14:50:42 495 291
291 4 14:50:45 490 291
291 4 14:50:48 487 2
290 4  14:50:51 484 289
289 9  14!50:54 481 289
289 10 14!50I57 477 288
289 9 141510 0 474 288
288 4 14:517 3 470 288
289 12 1451 6 467 283
289 19 141517 9 464 288
289 23  14:51:12 460 288
288 27 14151015 457 288
289 27  14!51.!B 435 788
268 25  14151:2: 452 289
288 21 14151724 445 288
288 9 14:I51127 431 2%
o8 S 14.51:30 438 288
88 ¢ 14:51:33 475 798
287 7 14:31,36 431 87
287 10 14:51:23 428 287
.7 7 14751742 424 287
287 4 14.51:45 421 287
787 S 14:51.48 417 247
287 4 14:5115° 414 286
286 7 14351154 410 286
286 S5 14:51:37 407 286
788 19 142327 ) 403 286
2BS 18 141820 2 400 283
285 1R 121520 £ 397 285
285 4 14:527 9 395 2685
225 12 14152112 381 2865
284 4 14:52!iZ 385 /B4
284 & 1435218 381 284
244 3 1415223 378 /823
264 ;0 14.52.28 375 784
e Zd.  Amplitude in
rsa. Time “ac fllght
lorg:tude in 2.2

latitude v L

A =

>

TIME

14:49:58
141508 1
14:50: 4
14:50: 7
14:50:10
14:50:13
14:50:16
14:50:19
14:50:22
14:50:25
14:50:28
14:50:31
14:50:34
14:50:37
14:50:40
14:50:43
14:50:48
14:50:49
14:50:52
14:50:55
14:50:58
141517 1
14:51: 4
14:51: 7
14:51:10
14:51:13
14:51:16
14:51:18
14:51:22
14:51:25
14:51:28
14:51:31
14:51:34
14154137
14:51:40
14:51:43
14:51:146
14:51:489
i4:51:52
14:51:55
14:51:58
14:52: i
14:52: 4
14:32: 7
14:52:10
14:52:13
18352118
1472010
14:57°27

10 147S2ITS

-
OO WM &b UANAANNLNN DAL ed

NN N e
MW~ ~JW = &

F

“~d

~—

[l ] e
NO = H» OChb Jds 2O LW

—
SN On

dR vs

airecraf+
track L cver
minutes at
ninutes a*
scaled amrlitude in AR,

Lo LA

545 294
542 292
540 293
537 292
s34 283
530 292
526 292
522 292
518 292
S16 292
S14 292
510 292
505 292
500 292
497 291
494 291
489 291
485 290
482 288
480 289
476 289
473 2689
470 288
487 289
463 289
459 289
456 289

455 289

450 289
442 287
440 288
437 287
474 288
430 287
427 287
423 287
420 287
417 287
413 286
409 z86
406 286
402 286
399 7235
387 280
594 285
389 2€s
382 283
378 284
375 284
372 284

CEC e.g.
18% e.q,

>

[
NQO WS PEE UYL YNV D EEalr >

NN NN N -
WA~ N

16

213

TIME

14:49:58
14:50% 1
14:50: 4
14:50: 7
14:50:10
14:50:13
14:50:16
14:50:15
14:50:22
14:50:25
14:50:28
14:50:31
14:50:34
14:50:37
14:50:40
14:50:43
14:50:46
14:50:49
14:50:52
14:50:55
14:50:58
14512 1
14:517 4
14:51; 7
14:51:10
14:51:13
14:51:16
14:51:19
14:51:22
14:51:25
14:51:28
14:51231
14:51:34
14:51:37
14:5140
14:51:43
1451146
14:51:49
14:51.52
14:51:55
14:51:58
14:52: 1
14:52: &
14:520 7
14:52:10
14:52:13
14:521185
18:52:19
14152122

14.32.725

LO LA

545 293
542 292
540 293
537 282
533 292
530 292
525 292
521 292
518 292
516 242
514 292
509 292
503 292
500 292
497 291
432 291
4g9 291
486 290
482 288
479 289
475 289
472 289
463 289
466 289

462 288 ?

458 289
456 289
454 289
448 288
442 287
440 288
437 287
433 2867
430 287
426 287
422 287
419 287
45 287
412 2886
408 288
405 286
402 286
399 285
396 285
394 285
3688 284
382 283
376 284
374 284
371 284

courdinates and
+he heater antenna.
357

is 669°39,7"
iz 18021.3"
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[T

TINE L0 LA A TIME LO LA A TimMe Lg tA A TIME L0 LA

14:52:26 371 284 7  14:52:27 370 283 4 14:52:28 369 284 14:52:28 368 284
14:52129 368 284 9 14:52:30 367 284 12  14:52.31 366 284 14:52:31 365 ZB4
14152232 365 284 12 14152133 364 283 10 14.52:34 363 284 14:52:34 363 283
14:52:35 362 283 4  14:52136 361 283 7 14:52:37 360 283 14:52:37 360 282
14:52:38 359 282 15 14:52:39 358 282 16 145240 357 282 14:52:40 356 282
14:52:41 355 282 1B 14:52:42 355 282 18 1452 354 282 14:52:43 353 282
14:52:44 352 282 18 14:52:45 351 282 16 14152:46 350 282 14:52:46 348 282

14:52:49 345 282
14:52:52 341 261
14:52:55 337 281
14:52:58 336 282
14:53: 1 334 282
14:53: 4 328 282
14:53: 7 323 282
14:53:10 318 282
14:53:13 315 263
14:53:16 313 284
14:53:19 309 283
14:53:22 306 282
14:53:25 302 283
14:53:28 299 284
14:53:31 295 284
14:53:34 292 283
14:53:37 288 284
14:53:40 285 283
14:53:43 281 284
14:53:46 278 284
14:53:49 275 284

14:52:48 346 282
14:52:51 343 282
14:52:54 339 281
14:52:57 337 281
14:53: 0 335 282
14:53: 3 331 282
14:53: 6 325 282
14:53: 9 320 282
14:53:12 316 282
14:53:15 314 283
14:53:18 311 284
14:53:21 308 283
14:53:24 304 282
14:53:27 301 283
14:53:30 297 284
14:53:33 293 284
14:53:36 290 284
14:53:39 286 284
14:53:42 283 284
14:53:45 278 283
14:53:48 275 284
14:53:51 273 283

14:52:49 345 282

14752.52 342 282
14:52:55 337 281

14152258 336 281
147537 1 334 282
14:53. 4 330 282
14753 7 324 282
14:53:10 319 282
14753713 315 282
14:53:16 313 283
14:53:19 310 283
14253122 307 282
14:53:25 303 282
14:33.28 300 283
1453731 296 284
14:53:34 292 283
14153:37 289 284
14:53:40 285 283
14753143 282 284
14:53:46 278 284
14:53:49 276 284

14:52:47 347 282

14:52:50 344 282
14252253 340 261

14:52:56 337 281
14:52:59 335 282
14:53: 2 332 282
14:53: 5 326 282
14:53: 8 322 282
14:53:11 317 282
14:53:14 314 283
14:53:17 312 283
14:53:20 308 283
14:53:23 305 2862
14:53:26 301 283
14:53:29 297 283
14:53:32 294 284
14:53:35 291 284
14:53:38 287 284
14:53:41 284 284
14:53:44 280 284
14:53:47 277 284
14:53:50 275 284

—_ e A e b -
O DL A DDEESLELESNLELPLELE2LEMLEJONOIOO RO E S

—
L 2L S LELLELEEEDAdLE AN NO W

[
L LD LEDPLLELELLLEELEL,LE AL S

Table 2d. Amplitude in dB vs aircraft coordinates anc
Universal Time for flight track 4 over the heater antenna.
LO = longitude in 0.1 minutes at 66° e.g. 397 is €66°39.7"

LA = latitude in 0.1 minutes at 18° e.g. 213 is 18°21.3"

A = scaled amplitude in dB,
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{

! TIME L0 LA A TINE L0 LA TIME L0 LA A TIME L0 LA A
14:55:54 267 212 4  14:55154 267 212 14:55:55 268 213 4 14:55:56 268 213 4
14:55:57 269 214 4  14IS5:57 270 214 14:55:58 271 215 4 14!55I59 271 215 4
14:56: 0 272 216 4 14:56: 0 272 2186 14:56: 1 273 216 4 14560 2 274 217 4
14:56: 3 274 217 4  14:56: 3 275 217 14:56: 4 276 21B 4 14561 5 277 217 4
14:56: 6 277 218 4 14:56: 6 278 218 14:55: 7 278 219 4 14561 8 279 219 4
14:56: 9 279 219 4 14:S6: 9 280 219 14:56:10 280 220 4 14:56:11 281 220 4
14:56:12 282 220 4 14:56:12 283 22t 14:56:13 284 221 S 1456114 284 222 S
14156115 285 222 5 14:56:15 286 223 14:56:16 287 223 5 14!S6:17 287 ?73 5
14:56718 288 224 S5 1415618 289 225 14:56:19 289 225 5 1456120 230 225 5
14:56:21 280 225 5  14:56:21 291 226 14:56:22 281 226 7 14:56:23 292 226 7
14:58:24 283 227 7 14156128 294 227 14:56:25 295 227 7 14156126 296 228 7
14:56:27 297 228 8  14I56:27 298 229 14:56:28 298 228 9  14:56:29 300 230 9
14156130 301 230 9  14I56:30 392 231 14:56:31 303 232 9 1456132 304 232 10
14:56:33 305 232 10  14:56:33 305 232 14:56:34 306 233 10 1456135 307 233 10

14:56:36 306 234 10 14:56:36 308 234
14256:39 311 233 10 14:56:39 3tt 232
14:55.42 313 236 12 14:56.42 313 236
1456145 315 237 12 14:36:45 315 237
14.56:48 318 239 12  14:58:48 313 239
14:56.51 322 240 12 14:56:51 322 241
14:56:54 325 742 12 .4:56154 325 242
14356157 328 243 10 14:356:57 328 244

14:56:37 309 234 12  14.56:.38 310 234 10
14:56:40 312 235 1Z 1415641 312 235 12
14:56.43 314 237 12 14.56744 314 237 12
14.56.46 316 238 14  14.56147 317 239 12
14256049 320 240 12 145650 320 240 12
14:56:52 323 241 12 14I56:I53 324 241 12
14756155 328 243 12 14:56.56 327 242 12
14:56:58 325 244 10  14:5B6:59 330 245 10

O ol el ol
S PpNE 2P UMEAELE USSP OOCWUNUUDONNNNN NS OWMO NIV UE eSS >

141577 0 331 245 9 14157 0 331 246 14:57. 1 332 246 7 14I57. 2 332 246 7
14:57: 3 333 247 7 141570 3 333 247 14157, 4 334 248 4 141570 5 334 248 4
14157 € 335 248 4 14I57. 6 335 248 14:57: 7 335 250 S 14(57. 8 336 250 7
14257 8 337 251 7 141570 8 337 251 14:57.10 337 251 9 14157111 338 252 9
14757712 338 252 9 14:57:.12 339 253 14:37:13 339 252 10  14:57114 340 253 10
14757015 342 254 10 14!57:15 343 254 14:57.16 344 254 S 14157117 346 255 10
14:57018 347 253 3 14:57:18 347 255 14:57:19 348 256 7 14.57:20 348 257 7
14157:21 348 258 S  14:57:21 350 280 14:57:22 351 261 4 14:57:23 351 262 4
14.57:24 352 262 4  14:57:24 352 <82 14:57:25 353 264 4  14:57.26 354 264 4
14:37:27 354 788 & 14(57:27 355 263 14257:28 356 266 7 1415729 357 267 7
14:57:30 357 2687 7  14I57:30 358 268 14.57031 358 268 7  14:57:32 359 z68 7
14:57:33 353 269 7  14!57:33 360 289 14:57:34 380 270 4  14I57.35 360 27¢ 4
1457226 362 271 4 (4157236 362 271 14:57.37 363 272 4 1415738 363 272 4
14257:3% 364 273 4  14.57:39 385 274 14.57:40 365 274 4  14:57!41 36T 275 4
14757142 367 276 4  14:37:42 367 276 14.57.43 36E 277 4  14:57:44 368 277 4
14357145 369 278 4 14157145 368 278 14.57.46 370 278 &  14:57:47 370 279 4
14157148 371 278 & 14157148 371 280 14757:48 372 280 4  14157:50 372 2B0 4
14757151 373 280 4 14:57:51 373 z81 14:57:52 374 281 4 145753 375 282 4
14057754 376 283 4  14:37:54 377 283 14]57:55 378 284 4 14.57.56 379 285 4
14.57.37 380 286 5  14:57:57 380 286 14:57.58 380 2B6 4 1415758 381 287 4
14:39 0 381 267 4 14.53. 0 381 288 14:587 1 381 288 4 1458 Z 382 289 7
147350 3 382 288 9  14:58. 3 382 768 14:587 4 383 2689 5 14:58 5 384 280 4
141080 6 385 290 4 14!580 6 387 281 14358. 7 388 291 4 14.58° € 389 292 7
14158 2 390 232 12 14580 Y 390 292 16 14:58:10 391 283 19 1415211 392 294 2t
14258217 332 285 21 14:5B8I1Z 393 297 21  14!58713 394 298 19 1458734 385 298 18
14138715 396 300 22 14758115 395 300 27 14!58:1€ 337 30! 30  i4:58117 387 301 32
14:58:18 298 302 33  14:58:48 2899 303 33  '4.35119 394G 303 33 14.58.20 400 303 32
14:58.21 401 304 30 14.58.21 401 IS 27  i4:38122 402 305 22 14:58:23 402 305 15

Talle Ze. Amplitude in dB vs aircraft coordinates and
. T -
“Jrlversal Time for flipht track 5 over the heater artenra.

LG = lorgitude in 0.1 minutes at 66° e.g. 397 1s 6693G,7"
LA = lati*ude in 0.1 minutes at 18% e.g. 213 7s 18°21.3"
A = scaled amplitude in dR.
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PSPV

AT e ORI AT 1 -

- cte e ——

TIME

14.58:24
14:58:27
14158130
14:58:33
14:58:36
14:58:39

14:58:42
145845

14:58:48
14:58:51
14:58:54
14:58:57
14:59: 0
14:59: 3
14:59: 6
14:59: 8
14:59:12
14:58:15
14:59:18
14:59:21
14:59:24
14:59:27
14:59:30
14:59:33
14:59:36
14:59:39
14:59:42
14:59:45
14:59:48
14:59:51
14:59:54
14:59:57
1S: 0: 0
15: 0: 3
15: 0: 6
15: 0: 9
15: 0:12
15: 0:15
15: 0:18
15: 0:21
15: 0:24
15: 0527
15: 0:30
15: 0:33
15: 0:36
15: 0:39
15: 0:42
15: 0:45
15% 0348
15: 0:51

Lo

403
403
408
411
413
415

417
421

424
42%
428
432
435
437
439
442
434
447
450
454
456
457
460
462
464
466
468
471
476
479
482
485
487
489
492
495
497
500
503
505

507
508

511
513
516
521
524

323
529

332

LA

305
307
308
310
313
316

318
320

322
324
326
327
329
332
336
339
31
342
345
347
349
350
352
355
357
360
361
363
365
368
an
374
375
378
380
382
384
306
389
391

393
394

396
399
401
402
405

409
411

412

15
iz

16
16
14
14

O e pasbpbbUleady &ap

Table 2e.

LO

LA

e

TIME

14:58.24
14:38:27
14:58.30
14.58.33
14:58:36
14:58:39

14.58.42
14:58.45

14:58:48

14.58.51
14.58.54

14:58:57

14.5

9: 0

14:59: 3
14:59: 6
14:59: 9
14:59:12
14:58:15
14:59:18
14:59:21
14:59:24
14:59:27
14259130
14:59:33
14:59:36
14:59:39
14:59:42
14:59:45
14:59:48
14:59:51
14:59:54
14:59:57

15:
15.
15:
152
15.
15.
152
15:

15.
152

15.
15:
15.
5.
15.

15
15:

13.

0: 0
0: 3
0: 6
0: 9
0:12
0:15
0:18
0:21
0:24
0:27
0:30
0:33
0:36
0:39
042
0:45
0:48

Lo

403
406
409
411
413
418
417
421
424
426
429
433
436
437
439
442
445
447
451
454
458
457
461
462
465
467
468
472
477
480
483
485
487
490
492
4g5
497
501
503
508

508
510

12
5i4
3517
S22
524

325
328

LA

308
307
309
311
314
317
318
321
322
325
326
327
330
333
336
338
341
343

345
347
348

350
353
355
358
360
362
364
366
369
372
374
376
378
380
383
384
387
389
392

393
394

396
388
401
403
408

409
411

0:51 532 412

Amplitude

A

A

18

16
16
14
14

[-RRNIF S P Ik 7. 7 NIV 3 3

TIME

14.

98125

Lo

404

14:58:28 407

14;
14,
14;
142

14.
14:

14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
14:
15:
15:
15¢
15:
15:
15:
15:
1s:
15:
15:
1S:
1S:
15:
15:
15:
15:
15:
1s:

S5e:31
38:34
58:37
58:40

58-43
58.46

58:49
58.52
58155
58.58
59: 1
58. 4
59: 7
59:10
58:13
59.16
59:18
59.22
58:25
59:28
59:31
59:34
39:37
59.40
359.43
59:46
59:48
59:52
59:55
59:58
0.1
o: 4
0.7
0:10
0:13
0.16
0:19
0.22
0.25
0:.28
0.31
0.34
0.37
0.40
0:43
0.46
<48
0:52

410
412
414
417

419
422

425
426
430
434
436
438
440
442
445
447
452
455
457
459
462
463
465
467
469
473
477
481
484
486
487
491
493
496
499
501
504
506

308
510

512
514
518
522
525

527
530

333

LA

308
307
308
312
315
318

319
321

323
azs
327
328
331
334
337
340
341
342
346
348
349
351
354
358
358
360
362
364
365
369
a7z
374
375
379
381
383
385
387
390
392

394
395

397
400
401
402
407

410
412

414

A

18

10
18
i6
12

N NP D2DLE2DAEAELEUANUN DU b n

b pen
~N

beh gt A b ek ek s
SN S AL D BN

ot
NN

— et bt b et ek
~N SN DWW W ESOoOS N NN

TIME

14:58:26
14:58:29
14:58:32
14:58:35
14:58:38
14:58:41
14:58:44
14:58:47
14:58:50
14:58:53
14:58:56
14:58:59
14:59: 2
14:59: 5
14:59: 8
14:59:11
14:59:14
14:59:17
14:59:20
14:59:23
14:59:26
14:59:29
14:59:32
14:59:35
14:59:38
14:59:41
14:59:44
14:59:47
14:59:50
14:59:53
14:59:56
14:59:59

15:
15:
152
15:
15
15:
15:
135:
15:
15:
152
157
152
15.
15:
15:
15:
15:

0: 2
0§
0. 8
011
0:14
0:17
0:20
6:23
0:26
0:28
0:32
0:35
0:38
0:41
0:44
0:47
0:50
0:33

Lo LA

405 306
408 308

410 310
412 313

415 316

417 318 !

420 320
423 322

425 323
427 325
431 327
435 327
436 331
437 335
441 338
444 340
445 342
449 344
453 347
455 349
457 350
459 351
462 354
464 356
465 359
488 361
470 362
475 365
479 367
482 370
485 373
486 375
489 377
491 380
494 382
497 384
493 385
502 387
505 380
507 392

509 394
510 395

513 398
515 400
520 402
523 404
525 408

528 410
531 412

533 414

in dB vs aircraft coordinates and

Universal Time for flight track 5 over the heater antenna.
= longitude in 0.1 minutes at 66° e.g. 397 is 66°39.7"
latitude in 0.1 minutes at 18° e.g. 213 is 18°21.3"
scaled amplitude in dB.
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TIME

157 0154
150 0257
15 12 0
15: 10 3
15. 10 8
150 10 8
157 1212
150 1015
15! 18
150 1321
150 1:24
iS50 127
157 1130
150 1233
157 1:36
157 1:33
150 1342
157 1245
15 1:48
157 151
150 1254
150 1157
15: 2. 0
150 20 3
15 20 6

Table Ze.

LO LA

534 415
537 417
539 419
542 421
544 423
547 425
550 427

552 429
553 431

555 433
557 436
Skl 438
567 433
569 442
570 845
574 447
578 448
580 450
583 451
583 453
588 454
591 455
585 436

598 435
802 455

>

LN VD WL NN b ssELe,sNRUU G

TIME

0:.54
0.57
1. 0
1. 3
i, 6
1. 9
1042
1:13
118
1:2%
1.24
1:27

2.0
. 3
2. 86

L0

535
537
540
542
545
548
551

533
554

553
557

562
367
569
570
575
578

o581
383

386
589

596

598
6§03

LA

4135
417
420
422
424
426
428

429
431

434
436

438
438
442
445
448
450

450
452

453
4S5
456
456

4355
455

>

LA NN OO NN DD b e dhhs bR AN I~

TIME

15.
152
153
15.
152
152
15:
152
15:
15:
152
15:
152
15:
15:
15:
152
15:
132
152
158
132
152

130
132

L0 LA

416
418
420
422
424
426
427

430
432

435
437
438
440
443
446
a4
450

451
452

454
455
455
455

435
435

>

P UNJdW ODOUL O D D22, bdbn

TIME

15:
152
15:
15
13
15
15:

152
15:
15:
15:
150
15:
152
152
157
152

152
152

15:
157

S.
1352
15:
15:

0:56
0:59
12 2
1S
1: 8
11t
1:14
1:17
1:20
1:23
1:26
1:29
1:32
1:35
1:38
1:41
1:44
1:47
1:50
1:53
1:56
1:59
2: 2
2:8

Lo

536
538
540
543
545
549
552

553
555

556
558
565
568
570
573
577
580

95682
585

587
590

594
597

601

Amplitude in dB vs aircraft coordinates and

LA

416
418
420
423
425
427
428

430
433

435
437
439
441
444
446
449
450

450
452

454
455

456
455

455

: B 605 455

Lniversal Time for flight track 5 over the heater antenna.
lengitude in 0.1 minutes at 66° e.g. 397 is 66°39.7"
latitude in 0.1 minutes at 18° e.g. 213 is 18°21,3"
= gcaied amplitude in dB.
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TINE L0 LA A TIME L0 LA A TIME LO
15:11:29 510 167 4 15:11:30 510 168 4 15:11:30 508
15111732 507 169 4 15:11:33 507 170 4 15:11:33 506
1511235 504 17f 4 15.11:36 503 172 4 15111.36 503
15:11:38 502 174 4 15:11:39 501 175 4 1511:39 501
15:11241 500 177 4 15:11:42 500 179 4  15:11:42 499
15:11:44 499 181 4 15111145 499 182 4  15111.45 498
15211247 497 183 4  15:11:48 497 184 4 15011:48 496
15111750 495 185 S5 15711251 494 185 5  15711:51 494
1501153 493 187 5 1501154 492 188 5 15I11154 492
15:11:56 49: 191 7 15:11:57 490 182 7 15111.57 490
15:11359 490 193 9 15,120 0 490 194 9 15112: 0 489
1512 2488 196 9 15:120 3 487 197 8 151120 3 487
15:12: 5487 198 9 150120 6 487 199 9 15112, 6 486

15:127 B 485 201 10 15:12: 9 485 202 10 15012 9 485
15:12711 484 203 10 15:12:12 483 204 10 15012.12 483
1512714 482 206 12 1501215 482 207 12 15112.15 481
15012017 480 209 12 15:12:18 480 210 12  15:12:18 480
15212320 479 212 14 15:12:21 478 212 14 15:12.21 478

15°12:23 477 213 14 15:12:24 476 213 14 15:12.24 476
15:12:26 474 215 15 15012127 474 216 1S 15112127 473

15:12:29 472 220 1S 15112:30 472 221 15 15012130 47t
15012232 47% 223 16 15712:33 470 224 16  15712:33 470
15012:35 469 225 16  15:12:36 469 225 16  15:12:36 468
f 15:12:38 467 227 18 15012139 487 228 18 15012I39 466
‘ 15012:41 48% 230 18 15:12:42 465 231 18 1571242 465
15:12:44 464 232 18 15:12:45 464 233 19 1571245 463
15:12:47 462 235 19 15:12:48 462 236 18 15112148 462
N 15:12:50 460 237 19 15:12:51 460 238 19  15:12151 459
i 15212253 457 240 19 15:12:54 457 241 {9 15112154 456
i 15:12:56 456 242 19 1511257 456 243 19 15712157 455
i 15:12:59 455 245 19 157137 0 455 246 19 15013! 0 454
{

15:13: 2 453 247 18 15:13: 3 453 248 18 15:13: 3 453
15:13: 5 452 250 16 15:13: 6 452 251 16 15:13: 6 451
15:13: 8 450 252 14 15913 9 450 253 14 15:13. 9 449
15:13:11 448 254 10  15:13:12 448 255 10 15:13:12 447
15:13:14 446 256 9 15:13:15 445 257 9  15:13:15 445
15:13:17 444 259 12 15:13:18 443 260 12 15:13:18 443
15:13:20 442 264 14 iS:13:21 442 265 12  15:13:21 442
15:13:23 441 266 10 15:13:24 440 267 9 15:13:24 439
i5:13:26 438 26§ S  15:13:27 437 270 S  15:13:27 437
15:13129 436 271 4 15:13:30 433 271 7 15:i3:30 434
15:13:32 433 273 7 15:13:33 432 272 S 15:13:33 432
15:13:35 431 275 4 15:13:36 431 276 4 15:13:36 431
15:13:38 430 278 4 15:13:39 429 279 4 15:13:39 429
15:13:41 427 280 4 15:13:42 427 281 4 15:13:42 426
15:13:44 425 282 4 15:13:45 425 283 4 15:13:45 424
13113247 423 285 4 15:13:48 423 286 4 15:13:48 422
15:13:50 421 288 4 15:13:51 421 288 4

4 4

4 6

15:13:53 419 290 15:13:54 419 291
15:13:56 418 292 1 1313157 417 283 1

15:13:51 420

15:13.34 418
15:13.57 417

Table 2f. Amplitude in dB vs aircraft coordinates and

LA

168
170
173
176
179
182
184
186
189
192
195
197
200
202
205
207
210
213

214
217

222
224
226
228
231
234
236
238
241
244
246
248
251
253
255
257
261
285
268
270
272
272
277
280
281
283
288
289
291

B

TIME

15:11:31
15.11:34
15:11:37
15:11:40
15:11:43
15:11:46
15:11:49
1511152
15211255
15011258
15:127 1
152127 4
10 150120 7
10 15212010
10 15112113
12 150121186
14 15:12:19
14 15012322
14 15012125

DU UND o b p <

15 1501228
15 1501213t
16 15:12:34
16 15112237
18 15:12:40
18 15112143
19 15012:46
19 15012149
19 15112152
19 15012155
19 15:12:58
19 150130 1
18 151137 &
15 15:t3: 7
12 1513310
9 15713:13
10 15013716
12 15713018
12 15:13:22
9 15013:25
4 15:13:28
7 15:13:3t
S 15013134
4 15:13:37
4 15113:40
4 15:13:43
4 15:13246
4 15013:48
7 15013152
4 15.13:55
18 15:13:58

Lo

508
505
502
500
499
497
495
492
492
491
489
488
486
484
482
481
479
477

475
473

470
469
467
466
465
463
461
458
456
455
454
452
451
449
447
444
443
441
438
436
433
432
430
428
426
424
422
420
417
417

LA

169
171
174
177
180
182
184
186
190
193
196
198
201
203
205
208
211
213
213
218
222
224
2286
229
232
235
237
239
242
244
247
249
252
253
256
257
263
266
269
270
272
274
278
280
282
284
287
290
292

293

Universal Time for flight track 6 over the heater antenna.
LO = longitude in 0.1 minutes at 66° e.g. 297 is 66°39.7"
LA = latitude in 0.1 minutes at 18° e.g.

A = scaled amplitude in dB.
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213 is 18°921.3"
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10
10
12
12
14
14

14
15

16
16
18
18
18
19
19
19
19
19
18
16
15
12

9
10
12
12

7

S
7
4
4
4
4
4
4
7

10
18




TIME

15:13:59
15114 2
15:14; 5
15:147 8
1514211
15:14:14
15:14:17
15114120
15:14:23
15:14:26
15:14:29
15:14:32
15:14:.35
15.14:38
15:14:41
15:13:44
15:14:47
1S:14°50
13014283
15.14:36
15:.14:39
150180 2
15157 8
15015. 8
15::5011
13115214
13215017
15:15.20
1371522
15:15:26
1991529
1521557
(5:015:33
{5:15.38
15715741
15210744
15:15:47
15:15.50
152152533
15019156
1301559
150180 2
150161 S
1$:16: 8
1598 1-38 §1
1501614

Takle

Lo

417
415
410
408
405
403
402
4Q0
397
395
334
292
390
388
386
383
381
380
378
375
373
370
368
387
085
362
360
358
356
354
352
351
248
347
345
243
340
339
337
138
338
338
334
338

349
7 8%

LA

294
295
297
300
305
308
an
312

213 i

316
2'8
321

323
325
328
331
333
335
338
338
341
345
348
aso
352
358
as7
5%9
RN

367
J6¢
ae8
370
372
375
377
379
383
387
390
393
395
398
407
404
437
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Tine

15:147 0
15,140 3
15:14 6
15:147 9
15.14212
15014115
15:14:18
19214221
15714124
1514327
15:14:30
15:14:33
1514136
15.14:39
15:142482
15:14:45
15714148
15:14:51
1514154
15:14:57
15015 0
150150 3
15:15: 6
15:15: 8
15115012
15015115
15015018
13:15:21
15115324
15:15:27
15:18:30
15213233
15215236
15715239
15.13:42
15:15:45
13015248
1511851
15015354
13:15.57
150162 0
15162 3
15.16: 6
15:18: 9

13:16:12
15016115

Amplitude in dB vs aircraft coordinates and

LO

416
414
409
407
404
403
401
399
397
395
393
391
389
388
385
362
38t
380
377
374
372
370
368
366
364
362
360
358
358
354
352
350
347

347
345

343
341
339
338

338

LA

294
296
297
301
306
308
311

313
313
17
319
321
323
326
328
332
333
33s

337
339
34z

348
348
351

353
355
338
aso
36t
364
367

368
370

372
375

3an
380

384
aes

291
4

338 39

338
338
339

340
340

396
399
402
4C5
407

A
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el
@

F
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TIME Lo

151147 0 416
15.14: 3 412
150147 € 408
15014: 9 406
15:184112 404
15014215 403
15:1418 401
15:14:21 398
15:14:24 396
15114227 395
15114230 383
1501433 391
15:14:36 368
15:14:39 387
15114742 385
15014:45 382
15114.48 381
15014251 380
15114754 377
15114157 374
151157 0 371
13115 3 389
131150 & 368
15:15; 9 368
15115112 364
1501515 361
15:15:18 360
15:15:21 357
15:15:24 355
15:15:27 353
15:15:30 352

15215233 350
15:15:36 347

15.15.39 347
15015242 245

15015245 342
15:15.48 310
13115751 338
15:15:54 338

13:15.;57 338
150187 0 338
150167 3 338
15:16. 6 338
15018; 8 339

15:16:12 380
15116215 340

LA

293
296
297
303
306
309
312
313
315
318
320
322
324
326
329
332
334
335
337
328
344
347
349
351
353
356
358
36O
362
364
387
389
370

373
376

378
381
ags
388

392
394

396
400
802

406
407

S P YO AOd UD D e ™ RADPHDPLpLEUNIL P E2E2EaEE YU BN IR

Tine

150140 1
15,140 &
15:140 7
15714310
15:14:13
15114116
15:14:18
157118222
1514325
15:14728
15:14:31
15114334
15014237
15.14.40
15:14:43
1571446
15:14:48
15714152
15.14:55
15.14:58
191150 1
151150 4
1521521 7
15115010
15715013
15715716
15115019
15115122
1511525
15115128
15115331

15215134
15:15:37
15715140
15:15:43
15115746
15:15:49
15115752
15:15:55

15015:58
15:180 1
15:16: 4
i5l18: 7
15116110
1501168013

Lo

415

411
408
A0S
404
402
400
398
396
394
392
390
368
387
364
382
381
379

378
373
3N

368
387
365

362
361

359
357
55
333
351

349
348

3486
344

342
340
338
338

337
338

337
338
338
3

LA

295

297
299
304
307
310
K3 ¥
314
316
318
320
322
325
327
330
332
334
336
338
340
345
347
349
352
354
357
358
360
362
365
67

369
371

374
376

378
382
386
380

392
395

197
401
404
407

Universal Time for flight track 6 over the heater artenna.

LG = lengitude in 0.1 minutes at 66° e.g. 397 i 66°38,7"
1A = latitude in 0.} minutes at 18° e.g. 213 is 18°21.3"

A = scaled amplitude in dB.
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TIME L0 LA A TIME LO LA A TIE L0 LA A TIME L0 LA A
15:21:34 432 415 4 15:21:34 432 415 4  15:21:35 432 416 4 15:21:36 431 415 4
15:21:37 431 415 4  15:21:37 430 414 4  15:21:38 430 414 4  15:21:39 429 413 4
15121140 429 412 4  15:21:40 429 412 4  15:21:41 429 411 4 15:21:42 428 410 4
15:21:43 428 408 4 15:21:43 428 406 4 15:21:44 427 405 4  15:21:45 427 402 4
15121146 427 402 4 15:21:46 426 402 4 15:21:47 426 401 4  15:21:48 425 400 4
15:21:49 425 400 4 15:21:49 425 339 4  15:21:50 424 399 4  1S:21:51 424 397 4
15:21:52 424 397 4 15:21:52 424 397 4 15:21:53 424 396 4 15:21:54 423 395 4
15:21:55 423 395 4 15:21:55 473 394 4 15:21:56 423 394 4  15:21.57 422 392 4
15:21:58 423 392 4 15:21:58 422 392 4 15:21:59 422 391 4 15:22: 0 422 390 4
15:22: 1 422 389 4 15:220 1 421 389 4 15:22: 2 420 387 4 15:22: 3 4271 387 4
15:22: 4 420 387 4 15:22: 4 420 386 4 15:22: S 419 385 4 15:22: 6 419 385 4
15122 7 419 384 S5 15:22: 7 418 384 5 15:22: 8 417 382 S5 15:22. 9 417 382 7
15:22:10 417 382 7 15:22:10 416 381 9 15:22:11 416 380 9  15:27:12 415 380 9
15:22:13 415 379 9  15:22:13 415 379 7 15:22:14 414 378 7  15:22:15 414 377 7
‘ 15:22:16 413 376 S 15:22:16 413 376 4 15122117 412 375 4  15.22:18 412 374 4
‘ 15:22:19 410 372 4 15:22:19 410 372 S 15:22:20 411 372 9 15:22:21 410 371 12
: 15:22:22 410 370 14 15:22:22 410 370 15 15:22:23 410 369 19  15:22:24 409 368 18
f 15:22:25 409 367 19  15:22:25 409 367 21  15:22:26 409 366 22  15:22:27 409 366 22
| 15:22:28 409 365 23  15:22:28 408 365 23 15:22:29 408 364 25 15:72:30 408 364 25

15122231 407 362 25  15:22:31 407 362 27 15:22:32 408 361
15222234 408 358 27 15122134 408 357 28  15:22:35 408 355
15022337 408 353 28  15:22:37 408 352 28 15:22:38 408 351
15122740 408 350 28 15:22:40 408 349 30 15:22141 407 347
15722043 408 346 30 15:22:43 408 346 30 1522144 408 345
15122746 408 343 28  15:22:46 408 343 30 15122147 407 342
15:22:49 408 340 28 15122:49 408 340 28 15:22:50 408 339 15:22:51 408 338 28
15:22:52 408 337 27 15:22:52 408 337 27 15:22:53 407 335 15:22.54 408 335 27
15:22:55 408 335 25  15:22:55 408 334 25 15122156 408 333 23 15:22:57 408 333 23
15:22:58 407 332 22 15122158 407 332 21  15:22:59 408 331 19 15I23. 0 408 330 18
15:23. 1 408 329 15 15123 1 407 328 14 15123: 2 407 327 14 15:23! 3 407 326 15
15:23: 4 407 325 16 15123 4 407 325 18 15:23: 5 407 324 19 15:23! 6 407 323 19
15:23C 7 407 322 19 151231 7 407 322 19 15:23. 8 407 321 19  15:237 9 407 320 19
15:23:10 407 319 {8  15.23110 407 318 18 15:23:11 407 318 16 15:23:12 407 317 15
15:23:13 407 316 14 15023013 407 315 12 15:23:14 407 315 12  15:23115 407 313 14
15:23:16 407 314 15 15123116 407 313 15 15123117 407 313 16  15:23I18 407 312 18
15:23.19 407 312 16 15:23:19 407 312 16 15123:20 407 311 16 15:23:21 407 311 16
15123222 407 309 15  15:23:122 407 308 14 1523123 407 306 10 15:23:24 408 305 9
15:23:25 408 303 5  15:123:25 408 302 9 15:23:26 407 300 12  15I23:27 408 299 15
15123:28 408 298 18 15123128 408 298 19 15:23:29 407 297 22  15:23:30 407 296 22
15023331 407 285 23  15:23131 407 295 25 15123:32 407 293 25 15:23:33 407 293 25
15023234 407 292 25 15:23:34 407 281 25 1522335 408 290 25 15.23:36 408 289 23
15:23:37 407 287 22  15:23:37 407 287 21  15:23:38 408 287 18 15:23:39 408 286 15
15:23:40 408 285 12 15123140 407 285 12 15;23141 407 284 14 15:23.4Z 407 283 16
15:23:43 407 282 18  15123:43 407 282 19 1523144 407 281 19  15:23145 407 2Bt 19
15:23:48 407 280 19 15123:.46 407 280 19 15:23:47 407 279 18 15:23148 407 279 16
15:23:49 407 277 15  15:23.49 407 277 15 15:23:50 407 277 16 15:23:51 407 276 18
15:23:52 407 274 19 15:23.52 407 273 21  15:23:53 407 272 22 15:23:54 407 271 22
15:23:55 407 270 23  15.23:55 406 270 23 15:23:56 406 269 23  15:23:57 406 268 22
15:23:58 406 268 22 15123:58 405 267 21  15:23:59 405 267 18 15:24. 0 405 266 18
15:24: 1 405 265 16 15.24. 1 406 2684 13 15124 2 406 263 14 15124 3 406 263 16

N
~

15:22:33 408 360 27
15:22:36 407 354 28 ,
15.22739 408 351 30
15:22:42 408 347 30
15:22:45 408 344 28
15:22:48 408 341 28

NN WWNRN
MWO S 0m

~
~

Table 2g. Amplitude in dR vs aircraft coordinates and !
Universal Time for flight track 7 over the heater antenna.
LO = longitude in 0.1 minutes at 66° e.g. 397 is €6°39,7"

LA = latitude in 0.1 minutes at 18° e.g. 213 is 18°21.3" £

A = scaled amplitude in dB.




TIME

15:24: 4
15:24: 7
1512410
15:24:13
15:24:16
15:24:19
15:24:22
15:24:25
15:23:24
15:24:31
15:24:34
15:24:37
15.24:.40
15.24:43
(SIZ4:45
15124:4%
15.24.52
15:24:55
15224:58
15225 1
15:25: 4
191250 7
15:25:10
15025213
15203016
16722713
1512527
1912503
(5:125:28
15.25.5.
3173:34
15:25:37
15:253240
13072543
15:25:4¢€
15:25.49
1:-.25:52

15:25:55

Talble 20, Mmpiitude in dB ve alrcraft ccordinates and
Uoiversal Time feo flight track 7 over the hester antenna.
L% = lonpitude in 0.1 minutes at 66° e.g. 297 is €6°33,7"

LA = latitude in 0.!. minutes at 18° e.g. 213 is 18°21,2"

Lo

406
407
07
406
405
405
405
400
405
405
405
405
405
405
405
404
404
404
404
404
404
404
404
404
4C3
804
404
44
404
404
403
4353
403
403
§ -
400
387
337

LA

262
259
258
254
249
244
241
238
733
231
228

225

722
219
216
13
209
206
204
202
198
182
189
166
182
178
76
.74
171
168
165
162
159
{55
151
150
148
143

A

18
25

o
30
30
28
28
27
25
z

21
18
16
14
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TINE

15.240 4
15240 7
15.24010
15:24713
15.24:16
15:24119
15:24:22
15724:25
15124228
15724231
15:24:34
15:24.37
15:24:40
15124243
15124:48
15124148
15:24082
15.24:55
15:24:58
15:25: 1
15250 4
15:25. 7
15:125:10
1512513
15:.25:16
15:25:139
15.25:22
15025225
15:25:28
15:25131
15:25:34
15245237
15:25:40
1512543
15:25:46
15.25.49
15:25:52
15:25:55

A =

Lo

407
407

407
406
405
405
405

405
405

4035
405

405
405

405
405
404
404

404
404
404
404
404
304
404
404
404
404
405
404
404
403
403
403
402
402
400
397
397

LA

261
259
257
253
247
243
241
237
233
231
227
224
221
218
215
212
209
206
204
202
187
192
189
186
181
172
176
174
17
168

165
161

158
154
151

1£9
148

142

A

WWwh NN
O Om@ ~Jyr

[}

N
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NN
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Ind
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~N
-
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TIME

151240 5
15:24. 8
15:24:11
15:24:14
15024117
19024120
15:24723

1524226
15:24:29

15:24:22
15:24:35
15:24:38
15:24:21
15:24:44
15:24:47
15:24:50
15:24:53
15:24:56
15:24:59
15225 2
15:25: 5
15:25: 8
15:25:11
15:75:14
15:25:17
15:25:20
15:25:23
15:25:26
15:25:29
15:25:32

15723735
15:25:38

15:25:41
15225044
15:25:47
13:23.50
15:25:53
15:25:56

Lo

407
407

407
406
405
405
405

405
405

405
405

405
405

405
405
404
404
404
404
404
404
404
404
404
404
304
404
404
304
403
402
403
402
402
403
299
398
396

LA

260
258

257
251
246
243
240

236
233

230
227

224
221

218
214
23
208
205
204
201
195
191
188
185
180
177
175
173
170
167

163
160

156

153
151

149
146

140

A

RN NN WWR NN
CMNWOW OO N

s
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scaled amplitude in dB,

20

TIME

15:24: €
15:230 9
15:24012
15:24:15
15:24:18
15:24:21
15:24:24
15.24.27
15024230
15:24:33
15:24:36
15:24:39
15:24.42
15024245
15:24:48
15:24.51
15:24:54
15:24:57
15:25: ¢
15:25. 3
15:25: 8
15:25: 3
15:25:12
153:25.15
15:25:18
15:23:21
1512524
15:25227
15:25:30
15125233
15:.25:.36
15.25:39
15:25.42
15125:45
15:25:48

15:.25:51
15:25.54

15:25:§7

L0 LA A

407
407

407
406
405
405
405

405
405

405
405

405
405

405
404
404
404

404
404
404

404
404
404
404
404

404
404

404
404
403

403
403

403
402
401

399
387

395

260
258
256
250
245
242
239

235
232
228
226
222
220
217
214
210
207

205
203
200
194
190
187
184
178

177
175

172
169
166

163
160

156

152
150

148
145

138

23
78
3
30
30
28
27
25
23
22
19

16
14
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Figure 10. Aircraft radiation pattern from scale model
measurements. a. In vertical plane (o = 0°) of aircraft.
b. In horizontal plane of aircraft.
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4.0 INTERPRETATION OF THE MEASUREMENTS

For those flight paths directlv througl. the major
lobes of the heater radiation it suffices to take into acccunt
the aircraft pattern in the vertical plane through the air-
craft axis (upper part of Figure 10). The situation is
sketched in Figure 11. The amplitude ratio between maximum
ard central aminimum of the modeled aircraft pattern is five.
The aircraft maximum is almost lining up with the direction
of the heater side lobe, which means an amplification factor
of five for the side lobe signals compared to the vertical
beam. In Figure 3, the theoretical pattern of the track is A
plotted together with the actual pattern of track 1. The cal-
culated amplitude function in Figure 3 takes into account the
range incrcase (for constant aircraft altitude) with 6 as well
as the aircraft radiation pattern. This pattern is based on
scale model measurements (Tigure 10) so no further dipole
facter modulation is required. The theoretical curve shcows a
sharp dip at overhead, due to the aircraft radiation pattern
(Figurs 10a). When comparing overhead to the side lobes we
use an averaged thecretical curve at overhead. This is con-
firmed by the cutput of the Digisonde and the Collins R390
receiver. The side lobes are approximately 1.5 dB higher
than the main beam. The results of these calculations are

summarized in Ta®le 3,

If we look at the measurements for paths 1 and 3
which were flying through the beams in the south-north and
east-west directions we find the theoretical predictions to
be very gcod. The measured side lobes are ? dB and 0 dB lower
than the central lobe for path ¥, and 0 and 2 dB higher for
peth 3. The theory predicts the side lobes toc be between 1
and 2 ¢B higher. The small difference can be arcounted for by

the comiination of the aircraft position not being directly
cverhead and the uncertainty of the aircraft radiation pat-
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Figure 11. Field strength patterns for heater antenna
and aircraft. Numbers at lobes indicate '
relative amplitude.




AIRCRAFT
CORRECTED THEORETICAL  RANGE PATTERN
DISTANCE RANGE ) PATTERN PATTERN CORRECTION CORRECTION
INMT) CNMI] fo] (48] {481 €13 (481
! 0.00 5.50 0.00 49.34 0.00 0.00 0.00
.10 5.%0 1.04 50.77 49.18 -.00 1.58
.20 5.50 2.08 $1.00 48,73 -.01 2.28
) s.51 3.12 50.84 47.93 -.01 2.92
.40 5.51 4.18 50.26 46.76 -.02 3.52
.50 5.52 5.19 49.18 45,15 -.04 4.08
.60 5.53 6.23 46.98 42.96 -.05 4.08
L .70 5.54 7.25 44,47 35.93 -.07 4,61
.80 5.8 8.28 40.43 35,41 -.09 5.11
F .90 s.57 9.29 32.27 26.81 -.11 5.58
1.00 5.59 10.30 26.13 20.25 -.14 §.02
1.10 5.61 11.3t 37.49 31.22 -.17 6.44
1.20 5.63 12.31 41.5% 34.90 -.20 6.85
1.30 5.85 13.30 43.97 36.80 -.24 7.60 ‘
1.40 5.69 14.28 44,90 37.22 -.27 7.96
1.50 5.70 15.26 45.36 37.04 -.31 8.63
1.80 5.73 16.22 44,73 36.14 -.35 8.94
1.7¢ 5.76 17.18 43.29 34.44 ~.40 8.25
1.80 5.79 18.12 40.74 31.64 -.44 9.54
1.90 5.82 19.08 36.08 26.75 -.43 9.83 ;
2.00 5.85 19.98 23.11 13.54 ~.54 10.10
2.10 5.89 20.90 31.15 21.37 -.59 10.37
2.20 5.92 21.80 36.50 28.51 -.64 10.63
2.30 5.96 22.689 42.06 31.88 -.70 10.88
2.40 6.00 23.57 44.18 33.81 ~.76 11.:3 ]
2.50 6.04 24.44 45.45 34.91 -.82 11.38
2.60 6.08 25.30 46.11 35.39 -.88 11.60
2.70 6.13 26.15 46.26 35.38 -.95¢ 11.82
2.89 6.17 26.98 45,92 34.89 -1.00 12.04
2.90 6.22 27.80 45.07 33.88 -1.07 12.26
3.00 6.26 28.861 43,58 32.24 -1.13 12.46
3.10 8.31 29.41 40.94 29.87 -1.20 12.46
3.20 6.36 30.19 3.7 25.31 -1.27 12.67
3.30 6.41 30.98 25.80 14.57 -1.34 12.67
3.40 6.47 31.72 28.87 18.40 -1.41 12.87
3.50 6.52 32.47 38.31 26.92 -1.48 12.87
3.60 €.57 33.21 42.60 31.08 -1.55 13.06
3.70 6.83 33.43 45.24 33.80 -1.82 13.06
3.80 6.69 34.64 47.13 35.76 -1.69 13.06
3.90 5.74 35.34 48.72 37.24 -1.77 13.26
4,00 6.80 36.03 49.78 38.38 -1.84 13.26

Taile 3. Theoretical antenna pattern with corrections for
aircraft pattern and range. Distance is from aircraft
to overhead, range is from heater antenna tc¢ aircraft,

8 is zenith angle from overhead.




DISTANCE RANGE
[NMI] CNMI)
4.10 6.86
4.20 6.92
4.30 6.98
4.40 7.
4.50 7.
4.60 .
4.70 .
4.80 .
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Table 3.

0
(o]

36.70
37.37
38.02
38.66
39.29
39.91
40.52
41.11
41.70
42.27

42.94
43.39

43.94
4447
45.00
45.52
46.02
46.52
47.01
47.49
47.96
48.42
49.88
49.33
49.78
50.19
50.62
51.03
51.44
51.84
52.24
52.62
53.00
53.38
53.75
54,11
54,46
54.81
ss. ls
55.49

Theoretical antenna pattern with corrections for
Distance is from aircraft

(dB]

30.61
J51.42
31.89
32.22
32.43
32.73
52.77
52.72
52.61
52.62

52.39
52.11

51.78
S1.41
51.18
50.73
50.25
49.74
48,20
48.62
48.02
47.57
46.91
46.24
45.53
44.81
44.06
43.29
42.49
41.67
40.83
39.96
38.90
37.98
37.03
36.05
35.05
34.00
32.83
31.81

aircraft pattern and range.

to overhead, range is from heater antenna to aircraft,
8 is zenith angle from overhead.
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CORRECTED THEORETICAL

PATTERN PATTERN

[4B]

38.28
39.98
40.32
40.82
41.22
41.41
41.52
41.56
41,32
41.43

41.28
41.08

40.83
40.54
40.21
39.84
39.44
39.0t

BLRRIRG UL
s 228 332

W
w
-
o

AIRCRAFT

RANGE PATTERN
CORRECTION CORRECTION

(48] [¢8)
-1.92 13.26
-2.00 13.44
-2.07 13.44
-2.15 13.44
-2.23 13.44
-2.30 13.62
-2.38 13.62
-2.46 13.62
-2.54 13.62
-2.62 13.80
-2.69 13.80
-2.77 13.80
-2.85 13.80
-2.93 13.80
-3.01 13.98
-3,08 13.98
-3.17 13.98
-3.25 13.98
-3.33 13.98
-3.40 13.98
-3.48 13.98
-3.56 14.15
-3.64 14.15
-3.72 14.18
-3.80 14.15
-3.87 14.15
-3.95 14.15
-4.03 14,15
-3.11 14.15
-4.18 14.15
-4.26 14.15
-4.34 14.15
-4.41 13.98
-4.49 13.98
-4.96 13.98
-4.64 13.98
-8, 71 13.96
-4,78 13.98
-4.86 13.98
-4.94 13.98




tern. TFor path 7 the airplane was at 8° to the west from the
vertical north-south plane. This tends to reduce the ratio
between maximum and minimum in the aircraft pattern to about
3 (lower part of Figure 10). This should result in side lobe
amplitudes of 6 dB above the main lobe. Figure 9 shows the
side lobes to be 6 dB stronger than the central beam, as

[redicted.

The uncertainty of the aircraft radiation pattern
prevents a definite evaluation of the relative power radiated
in the different beams of the heater antenna array. It ap-
rears likely that the calculated patterns are correct. Intro-
duction of a dipole factor for the aircraft pattern would not
make the theoretical curve agree any better for Figure 1 and
the agreement found for flight tracks 3 and 7 would be lost.
With certainty it can be stated that the orientation of the
side lobes is as predicted. The number of minor side lobes
also seems to verify the calculations. The measured ampli-
tudes of the minor side lobes seems to be somewhat low (Fig-
ures 3, 5 and 7). The number and locations of the minor peaks
in these figures agree well with the predictions.

In summary, we conclude that the theoretical radia-
tion pattern is a good representation of the actual heater
antenna pattern, however, less power than predicted is radi-

ated into the minor side lobes.
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